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Surface Water Quality
Phosphorus and Nitrogen in Runoff following Beef Cattle Manure
or Compost Application
Manure or compost from beef cattle feedlots can be an excellent
sources of nutrients and organic matter when added to soils, but they
can also pollute runoff. We determined the effects of simulated rainfall
on runoff losses of P and N, and EC and pH following application
ofmanure and compost to a Sharpsburg silty clay loam (fine smectitic,
mesic Typic Argiudoll) soil having grain sorghum [SOl宫hum bicolor
(L.) Moench] and winter wheat (Triticum aestivum L.) residues. Ma-
nure , compost, and fertilizer were applied to no-till fields at rates
required to meet N or P requirements for corn (Zea mays L.) produc-
tion and were either left on the soil surface or disked to 8 em. There
were also untreated checks. Runoff concentrations of dissolved P
(DP), bioavailable P (BAP), and NH.rN were significantly greater
when the soil was not disked. Total and particulate P concentrations
in runoff were generally less under wheat than sorghum residue and
were less for the no-till than the disked condition. In the disked
system, Nor P-based manure or compost application resulted in DP
concentration <1 mg L -1. Manure and compost application resulted
in greater runoff EC values than fertilizer application. Phosphorus
concentration of runoff receiving P fertilizer or N-based manure and
compost application can be an environmental concern when these
sources are applied under no-till conditions without incorporation.
QEEF CATTLE feedlot manure and composted manure
~ are valuable resources that can be effectively used
for crop production and soil improvement. Manure or
compost contain essential nutrients for plant growth.
Soil organic matter (an ion exchange material, chelating
agent , buffering material, and important factor in soil
aggregation) can also be increased by the addition of
beef cattle feedlot manure or compost (Eghball and
Power, 1994).
Beef cattle feedlot manure and composted feedlot
manure can be applied for crop production under no-
till conditions. Eghball and Power (1999a) found that
in 3 out of 4 yr , manure or compost applied to a no-
till cropping system resulted in the same corn yield as
manure or compost applied to a conventional tillage
system. This is because about 50% of the excreted N in
the cattle feedlot is lost by the time manure is collected
(Gilbertson et aI., 1971). The remaining N is in stable
forms and contains little NHcN, which is subject to
volatilization loss. Composted feedlot manure also con-
tains little NHcN and the N compounds are stable since
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up to 40% of N is lost in the composti吨process (Eghball
et aI., 1997).
In the USA, no-till crop production systems are be-
coming more common. In 1996, 41% of the planted
hectares in the USA were under no-till or reduced tillage
systems (CTIC, 1997). Soil protection from erosion
losses , conservation of soil water by increased infiltra-
tion and decreased evaporation, increased use of land
too steep for conventional tillage production, and reduc-
tion in fuel , labor, and machinery costs are among the
reasons for increased use of reduced tillage systems
(Doran and Linn , 1994).
岛1anure application to no-till land can result in in-
creased residue on the surface and may reduce soil ero-
sion. Woodruff et aI. (1974) showed that manure appli-
cation could reduce soil wind erosion whereas Gilley
and Eghball (1998) found that N or P-based manure or
compost application resulted in similar rates of runoff
and soil water erosion as in the untreated check treat-
ment for both no-till and disked systems. Erosion from
disked soil however, was greater than from no-till soil
regardless of application of manure, compost, fertilizer,
or no treatment. Manure application to no-till without
incorporation may reduce its effectiveness as a nutrient
source because of potential N loss.
Environmental pollution may occur when manure or
compost is applied to soil. Runoff from cropland areas
receiving manure or compost may contribute to in-
creased P and N concentrations in streams and lakes.
Even though P from manure application may move deep
into the soil (Eghball et aI., 1996), the primary concern
about P pollution is the eutrophication of surface waters.
The main factors controlling P movement in surface
runoff are transport (runoff and erosion) and source
factors such as manure or fertilizer application and soil
P test level (Pote et aI., 1996; Sharpley et aI., 1993).
Beef cattle feedlot manure applications <7 Mg dry wt.
ha- 1 usually do not contribute to P or N enrichment of
surface waters on level soils (Jones and Willis, 1995).
Mueller et aI. (1984) found that application of 8 Mg
ha一 1 (dry wt.) dairy manure resulted in significantly
greater dissolved and bioavailable P loss in no-till as
compared to a conventional system. The bioavailable P
loss followed the order no-till> conventional = chisel.
Ammonium loss into surface waters can result in poi-
soning of aquatic organisms if the concentra
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Abbreviations: DP , dissolved phosphorus; BAP, bioavailable phos-
phorus; PP , particulate phosphorus; EC , electrical conductivity.
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Table 1. Nitrogen and P concentrations of applied manure and compost (dry weight basis) in 1996 and 1997.
1996 1997
一一- g kg-1 一一-
4.36 7.93
5.52 9.77
Total
N
Total
pNHrNN03-N
mgkg-1
4
316
Dissolved
p
Total
N
一一- g kg- 1 一一-
4.48 7.65
2.86 6.02
Total
pNH4-NN03-N
mgkg-1
26
1205
Dissolved
PSource
125
311
314
184
531
24
271
145
脚fanure
Compost
tion (wet run) was conducted approximately 24 h later. The
plots were covered with plastic between the initial and wet
runs to eliminate the input of natural rainfall into the system.
For additional information regarding runoff and erosion mea-
surements in these experiments, see Gilley and Eghball (1998).
A trough extending across the bottom of each plot gathered
runoff, which was measured using a flume with a stage re-
corder. Runoff samples were collected in plastic bottles at 5-
min intervals from each trough. Runoff samples collected 5,
10, 15, 30, and 60 min after initiation of rainfall from each
plot were centrifuged, filtered , and analyzed for dissolved P
(Murphy and Riley , 1962), and N03-N, and NHcN concentra-
tion using a Lachat (Zellweger Analytics, Milwaukee, WI)
system. Noncentrifuged samples were analyzed for total P
(Johnson and Ulrich, 1959) and total N (Tate, 1994) concentra-
tion , and measurement of pH and electrical conductivity. Par-
ticulate P was calculated by the difference between total P
and DP. Bioavailable P (BAP) in runoff samples was measured
usi吨iron oxide-impregnated paper strips (Menon et al., 1990;
Sharpley, 1993).
Analysis of variance was used to determine differences be-
tween tillage systems and fertility treatments. Because of non-
normality and large variability of the P and N parameters,
these values were transformed using log (parameter +10)
(Steel and Torrie, 1980). Analysis of variance was performed
on the transformed data. In these analyses, time of runoff
sampling was considered a subsample. A probability level
三0. 10 was considered significan t.
to rivers and lakes. The elevated N03 level in the Gulf
of Mexico may contribute to the hypoxia condition that
is a zone depleted of oxygen and marine life.
The differences in environmental consequences of
beef cattle feedlot manure and composted manure ap-
plication to no-till and disked conditions are not known.
Little information is available on the effects of N or P-
based manure or compost application on runoff P and
N concentrations. The objective of this study was to
determine the effects of N or P-based applications of
beef cattle manure or composted manure on runoff con-
centrations of dissolved P , bioavailable P , particulate P ,
total P , nitrate-N , ammonium-N , total N , and pH and
EC levels from fields under no-till and disked con-
ditions.
Sorghum Residue Study
This portion of the study was conducted from June to Au-
gust of 1996 as a split-plot in a randomized complete block
design with three replications. Sorghum grain yield in 1995
was 4.9 Mg ha- I. No-till and disked systems were the main
plots and subplots consisted of the following six treatments:
(i) Beef cattle feedlot manure applied at a rate of 49.4 Mg
dry weight ha -I to meet corn N requirements (151 kg N ha一I) ，
(ii) manure applied at a rate of 11.5 Mg dry wt. ha- I to meet
corn P requirements (25.5 kg P ha- I) plus 104 kg N ha- I
as ammonium nitrate, (iii) composted beef feedlot manure
This study was conducted on a Sharpsburg silty clay loam
soil at the University of Nebraska Rogers Memorial Farm in
Lancaster County, approximately 18 km east of Lincoln, NE.
The soil consisted of 11% sand, 54% silt, and 35% clayand
18.5 mg kg-I organic C in the top 15 cm. The area had been
cropped for several years as part of a no-till management
system that used a grain sorghum, soybean [Glycine max (L.)
Merr], winter wheat crop sequence. Two rainfall simulation
experiments were conducted on a soil with either sorghum
residue (1996) or winter wheat residue (1997). The experimen-
tal methods were selected to simulate conditions that exist in
the spring when manure, compost, or fertilizer are typically
applied. However, there was no history of manure or compost
application to this site.
A portable rainfall simulator based on a design by Swanson
(1965) was used to apply rainfall simultaneously to two plots.
Each 3.7 m wide by 10.7 m long plot was established using
sheet metal borders. Weed control was achieved by herbicide
application during the study period. An initial 1-h rainfall
application at an intensity of approximately 6.4 cm h- I was
made at existing soil-water conditions. A second 1-h applica-
MATERIALS AND METHODS
Table 2. Nitrogen and P concentrations and pH and EC of the soil before manure and compost application in three experimental blocks
for the 1996 and 1997 experiments.
5-15cmsoil。-5 emsoil
pHECNH4-NNOrN
mg kg-1
BKPWSPpHEC丰
d S m- 1
NHcNNOrN
mgkg-1
BKPWSPt
Year
block
5.1
5.1
5.0
d S m-1
0.4
0.3
0.3
1996
1
2
3
1997
1
2
3
5.7
5.2
5.1
OOA
唱
'3
00
『，
。。
11.6
13.0
14.5
0.6
0.7
0.6
5.3
5.2
5.2
'』3
，『U
F3
0000005.9
5.0
5.8
20.5
25.6
28.8
24.6
31.4
38.。
1.0
1.3
1.7
5.0
4.9
4.9
。.5
0.4
0.4
6.0
5.2
4.4
29.2
22.8
30.4
23.0
12.0
13.6
2.6
0.6
0.7
，‘3
月F
F3
...
，、
u，、
u，『
U
40204000
血"
。"
17.2
16.7
10.7
44.4
49.2
54.7
78.9
70.0
79.4
7.7
6.6
6.0
t WSP is watersoluble P and BKP is Brayand Kurtz no.1.
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Table 3. Effects of tillage and treatment on runoff concentration of dissolved P (DP), bioavailable P (RAP), particulate and total P ,
nitrate-N, ammonium-N, electrical conductivity (EC), and pH during the initial simulation rainfall run in a field with sorghum residue
in 1996.
EGHBALL & GILLEY: P AND N IN RUNOFF FOLLOWING MANURE APPLICATION
pHECNHcNN03-N丰
Total
p
Particulate
PBAPDP
d S m-1mg L-l
7.4
6.9
7.2
7.3
7.1
7.。
7.1
7.5
56.6
47.5
23.3
39.8
33.0
21.1
PR >F
0.33
0.01
。.01
0.14
0.01
0.04
0.05
0.88
0.09
0.01
0.06
0.62
7.。
Tillage
No-till
Disked
Treatmeut
Compost N
Compost P
Manure N
Manure P
Fertilizer
Check
Analysis of variance§
Replication
Tillage
Replication X tillage
Treatment
Manure vs. compost
Fertilizer vs. man. & com.
Compost N vs. compost P
Manure N vs. manure P
Check vs. others
Time (treatment)
Tillage x treatment
CV, %
Variablet
0.87
0.91
1.28
0.92
0.87
0.89
0.76
0.70
9.3
2.9
0.1
7.3
7.1
13.。
11.9
0.1
27.0
46.8
10.1
10.8
17.2
8.7
11.5
7.7
13.8
5.9
7.6
10.5
16.7
8.1
9.9
6.9
8.6
5.8
3.39
1.30
3.63
1.75
2.60
1.47
5.33
0.64
2.50
0.28
1.68
0.64
1.53
0.73
5.20
0.11
。.71
0.35
。.01
0.01
0.01
0.01
0.13
0.01
0.01
0.01
17.1
。.01
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
7.3
。.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
6.2
0.01
0.78
。.01
0.09
0.01
0.01
0.06
0.01
0.99
0.01
7.8
0.01
0.27
0.01
0.05
0.29
0.01
0.07
0.01
0.99
0.01
7.。
。.02
0.01
0.01
0.19
0.01
0.01
0.22
0.01
0.01
0.01
4.4
。.14
0.01
。.01
0.65
0.01
0.03
0.25
0.01
0.01
0.01
4.1
t Arithmatic average of five sampling times for each plot.
中 Irrigation water had an average N03-N concentration of 21 mg L- t.
§ Analysis of variance was performed on the transformed data (log parameter + 10) for all parameters except EC and pH. Actual data was used for the
analysis of EC and pH.
Fully processed and cured compost was used in both studies.
The total amount of N for the treatments 1, 2, 3, and 4 were
377, 88, 756, and 108 kg N ha一\ respectively. Corresponding
values for total P application were 221 , 51 , 359, and 51 kg P
ha-\ respectively. Nitrogen and P concentrations of manure
and compost are given in Table 1. It was assumed that the
applied at a rate of 125.6 Mg dry w t. ha-1 to meet corn N
requirements, (iv) compost applied at a rate of 18.0 Mg dry
wt. ha- 1 to meet corn P requirements plus 116 kg N ha- 1, (v)
inorganic commercial fertilizer applied at rates of 151 kg N
ha- 1 and 25.5 kg P ha- 1 as ammonium nitrate 34-0-0 (N-P-K)
and 18-20-0 (N-P-K) , respectively, and (vi) untreated check.
Table4. Effects of tillage and treatment on runoff concentration of dissolved P (DP), bioavailable P (RAP), particulate and total P ,
nitrate-N, ammonium-N, electrical conductivity (EC), and pH during the wet simulation rainfall run on a field with sorghum residue
in 1996.
pHECNHcNN03-Nt
Total
p
Particulate
PBAPDP
d S m-1mg L- 1
7.6
7.2
7.4
7.5
7.3
7.5
7.1
7.6
'且'­0200 0
。.01
0.27
0.01
0.53
0.04
0.01
0.99
0.49
5.9
Tillage
No-till
Tilled
Treatment
Compost N
Compost P
Manure N
胁'lanure P
Fertilizer
Check
Analysis of variance§
Replication
Tillage
Replication x tillage
Treatment
Manure vs. compost
Fertilizer vs. man. & com.
Compost Nvs. compost P
Manure N vs. manure P
Check vs. others
Time (treatment)
Tillage X treatment
CV, %
Variablet
0.84
0.76
。.89
0.78
0.83
0.78
0.78
0.73
3.8
1.3
'azd
。"
'且A唱
'3
血。咱
3
A唔
A咕
'3
00
23.6
23.8
25.7
25.5
21.2
25.7
22.5
21.4
PR>F
。.35
0.75
7.3
10.0
13.8
6.7
9.9
5.8
10.4
5.4
5.5
9.7
12.4
6.3
8.8
5.5
7.7
5.3
2.06
1.15
3.18
1.12
2.73
1.06
0.84
0.42
1.05
0.26
1.33
0.41
1.18
0.35
0.40
0.15
。.01
0.06
。.01
0.03
0.07
0.01
0.06
0.01
0.21
0.44
11.5
'且
'3
。"。"。"。"
0.01
0.01
0.01
0.01
0.80
0.01
0.03
0.01
3.9
0.01
0.01
0.01
0.59
0.01
0.01
0.39
0.16
3.2
。.01
0.13
0.01
0.01
0.42
0.01
0.01
0.01
0.80
0.01
5.9
'且龟
3
。"。"。"
。.01
0.01
0.06
0.01
0.01
0.01
0.61
0.01
4.7
'且唱
3
。"。"。"
。.01
0.01
0.01
0.01
0.01
0.01
0.37
0.01
1.8
'且龟，，。"。"。""。
0.01
0.04
0.01
0.01
0.01
0.01
0.01
0.01
1.2
t Arithmatic average of five sampling times for each plot.
丰 Irrigation water had an average N03-N concentration of 21 mg L-1.
§ Analysis of variance was performed on the transformed data (log parameter + 10) for all parameters except EC and pH. Actual data was used for the
analysis of EC and pH.
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and a dissolved Pconcentration ofO.25 mg L -I. Soil character-
istics of the exp巳rimental site are given in Table 2.
Wheat Residue Study
The investigation involving wheat r巳sidue was conducted
in July and August 1997. The study area was left undisturbed
and fallow following wheat harvest in the summer of 1996.
Winter wheat grain yield in 1996 was 2.2 Mg ha- I . A split-
plot in a randomized complete block design with three replica
tions (24 total plots) was used in this investigation. Main plots
consisted of no-till and disked conditions and subplots in-
eluded the following four treatments: (i) manure applied at a
rate of 47.7 Mg dry weight ha- I to meet com N requirements
(151 kg N ha- I ) ; (ii) compost applied at a rate of77.5 Mg dry
wt. ha- 1 to meet com N requirements; (iii) inorganic commer-
cial fertilizer applied at a rate of 151 kg N ha- I and 25.5 kg
P ha- 1; and (iv) untreat巳d check. The total amount of N ap-
plied was 378 kg N ha-1 for manure and 757 kg N ha-1 for
compost. Total amount of P applied was 208 kg P ha- I for
the manure and 428 kg P ha- 1 for the compost treatment.
Nitrogen availability assumptions were similar to those in the
sorghum residue study.
The manure, compost, and fertilizer were applied by hand
plant N availability from manure and compost was 40 and
20% , respectively, in the year of application (Gilbertson et
aI., 1979). Phosphorus availability from manure or compost
was assumed to be 50% in the year of application based on
our 巳xpenence.
Manure, compost, and fertilizer were applied by hand at
the above rates that were required to produce a com crop
with a target yield of 9.4 Mg ha- I . On the no-till plots , the
manure, compost, and fertilizer were left undisturb巳d on the
soil surface. A single disking operation to a depth of approxi
mately 7.5 cm was perform巳d up and down the slope on the
disked treatments to incorporate the manure, compost, and
fertilizer. The top 7.5 cm of the soil had a bulk density of 1.3
Mg m-3 in the no-till and 1.1 Mg m-3 in the disked plots. The
disking operation was the first tillage that had occurred on
the study site in several y巳ars. Asingle disking operation is
not representative of a normal conventional tillage syst巳min
this region. A variety of crops could have been chos巳n tofollow
sorghum. Com was selected because it is grown ext巳nsively in
the area and it has a relatively large nutrient requirement. By
applying large amounts of manure, compost, or fertilizer, to
provide for com nutrient requirem巳nts， there was an incr巳ased
opportunity to study extrem巳situations.
Irrigation water had a N03-N concentration of 21 mg L-1
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Fig.2. Runoffconcentration(mgL寸) of dissolved, bioavailable, par-
ticulate, and total P for six fertility treatments and two tillage
systems during the wet rainfall simulation run on the sorghum
residuestudy.CK is check,FR is fertilizer,CN is compostfor com
N needs, CP is compost for corn P needs, MN is manure for N,
and MP is manure for P. Vertical bars are standard errors (2 SE
indicates0.95and 1.55SE indicates 0.90probability level) .
MNCPCNFRCKMP
TREATMENT
Fig.1. Runoff concentration (mg L-I) of dissolved,bioavailable,par-
ticulate, and total P for six fertility treatments and two tillage
systems during the initial rainfall simulation run on the sorghum
residue study.CK is check, FR is fertilizer, CN is compostfor com
N needs, CP is compost for corn P needs, MN is manure for N,
and MP is manure for P. Vertical bars are standard errors (2 SE
indicates 0.95 and 1.55 SE indicates 0.90 probability level).
MNCPCNFRCK
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Table 5. Runoff concentration of dissolved P (DP), bioavailable
P(BA酌， nitrate-N and ammonium-N at different times during
the simulation rainfall runs in 1996 averaged across tillage
and treatments.
60WetrunInitial run
45
30
15
DP
10m
5
10
15
30
45
60
HAP NO,--Nt NIL-N
2.3bc
3.2a
3.1a
2.4b
2.1bε
1.9c
22.2 b
23.5 ab
23.1 b
24.4 a
24.4a
24.8 a
mg L-1
- 0.45 c 1.39 b
13.3 a 0.78 a 1.74a
10.6 b 0.72 ab 1.56 ab
6.3c 0.67 ab 1.61 ab
5.5 cd 0.67 ab 1.71 a
4.3d 0.59 b 1.52 ab
NIL--N
。.6 d丰
3.0a
1.8b
1.2c
1.0cd
HAP NO,-N
33.6 ab
31.2 b
35.3 ab
40.8 a
34.4 ab
1.8c
3.9 a
2.7b
2.0c
2.0c
DPTime
0
35
30
25
20
15
10
(F-JOE)Z-EEZ
。EEd
『
t Irrigation water had an average NO,--N concentration of 21 mg L-1.
丰 Valueswithdifferentlettersare significantly different at 0.10 probability
level based on Duncan's Multiple RaugeTest.
5
TREATMENT
Fig. 3. Runoff concentration of NO, -N and ammonium-N for six
fertilitytreatments and two tillagesystemsduring the initial rainfall
simulation run on the sorghum residue study. CK is check, FR is
fertilizer,CN is compost for com N needs,CP is compost for corn
P needs, MN is manure for N, and MP is manure for P. Irrigation
water had an average NO,-N concentration of 21 mg L-1. Vertical
bars are standard errors (2 SE indicates 0.95and 1.55SE indicates
0.90 probability level).
MPMNCPCNFRCK
。
just before the rainfall simulation t巳sts at the above rates that
were required to produce a corn crop with a target yield of
9.4 Mg ha- 1• The manure and compost application, tillage
methods and simulation runs were similar to thos巳for the
sorghum residue study. The top 7.5 cm soil had a bulk density
of 1.3 Mg m-3 in the no-till and 1.1 Mg m•in the disked
plots. Irrigation water had an average NQ,-N concentration
of 23 mg L -1 and a dissolved P conc巳ntration of 0.22 mg L -1.
Manure and compost Nand P concentrations are given in
Table 1 and soil characteristics are presented in Table 2
Runoff concentrations of DP, BAP, and N~-Nwere
significantly greater for the no-till than disked condition
duri吨both simulated rainfall runs (Table 3). However,
NQ,-N concentration was significantly less for no-till
than disked condition during the initial run (Table 3).
Apparently, the high NQ,-N concentration of the sur-
face soil (Table 2) contributed to an increase in runoff
RESULTS AND DISCUSSION
Sorghum Residue Study
The mean slope for the study area was 7% , while
slope of individual plots ranged from 5 to 9%. Slope
varied little within a given experimental block. Mean
residue covers at the time of rainfall simulation for the
no-till and disked treatments were 46 and 23% , respec-
tively. Thus, the single disking operation reduced mean
residue cover by 50%. Information about runoff and
erosion from these studies are given in Gilley and Egh-
ball (1998).
Table 6. Effects of tillage and treatment on total amounts of dissolved P (D酌， bioavailable P (BA凹，particulate and total P, nitrate-N,
and ammonium-N in runoff during initial and wet simulation rainfall runs in a field with sorghum residue in 1996.
HAP Particulate P Total P NH,-NNO,-NtDP
kg ha- I
1.30 a
0.32 b
0.01 b
0.89 ab
1.02 ab
1.48a
1.47 a
0.00 b
1.32 a
0.45 b
。.05 b
1.28 a
1.62 a
1.15 a
1.09 a
0.10 b
3.23 a
5.22 a
7.45 a
5.92 ab
3.09 be
3.47 bε
4.14 abc
1.45 c
7.50 a
7.31 a
7.75 a
9.65 a
8.06 a
6.81 ab
7.28 ab
4.83 b
1.44 a
1.14 a
2.21 a
1.04be
1.56 abc
0.77 be
1.73 ab
0.47 c
2.18 b
3.17 a
4.31 a
2.37 c
3.88 ab
1.53 c
2.71 be
1.32 c
1.08 a
1.11 a
2.02 a
1.00 b
1.35 ab
0.68 b
1.09 ab
0.46 b
1.81 b
3.08 a
3.88 a
2.21 be
3.43 ab
1.43 c
2.59 abc
1.27 c
0.46 a
0.15 b
0.42 ab
0.22 be
0.35 be
0.18 be
0.66 a
0.05 c
。.69 a
0.37 b
。.99 a
0.41 b
1.06 a
0.29 be
0.27 be
0.10 c
0.35 at
0.04 b
0.20 b
0.08 b
0.21 b
0.09 b
0.64a
0.01 b
0.36 a
0.09 b
0.42 a
0.16 b
0.46 a
0.10 b
0.12 b
0.05 b
Variable
Initial run
Tillage
No-till
Disked
Treatment
Compost N
Compost P
Manure N
Manure P
Fertilizer
Check
Wetrun
Tillage
No-till
Disked
Trea缸nent
Compost N
Compost P
ManureN
ManureP
Fertilizer
Che咆k
t Within tillage or treatment of each run, values with different letters are significantly different at 0.10 probability level based on Duncan's Multiple
Range Test.
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Table 7. Effects of tillage and treatment on runoff concentration of dissolved P (DP), bioavailable P (BAP), particulate and total P,
nitrate-N, ammonium-N, total N, electrical conductivity (EC), and pH during the initial simulation rainfall run on a field with wheat
residue in 1997.
Particulate Total
Variablet DP RAP P P NO,Nt Nu.-N Total N EC pH
mg L~l d S m~l
Tillage
No-till 3.76 4.21 。.7 4.5 30.6 9.8 107.8 。.96 7.3
Tilled 0.18 。.43 5.6 5.8 25.6 0.9 108.2 。.74 7.4
Treatment
Compost 1.75 2.12 4.2 5.9 37.7 6.2 101.7 。.99 7.3
Manure 1.71 2.21 3.0 4.8 24.6 6.8 98.5 0.92 7.3
Fertilizer 4.80 5.24 A肌o 4.7 26.6 9.2 126.2 。.78 7.4
Check 。.07 。.15 4.9 5.0 23.7 0.1 106.1 。.73 7.4
Analysis of variance§ PR>F
RTRmeeppalHgi四ceataioonn × ullage 0.01 。.01 。.26 0.01 。.75 。'.08 。.01 0.02 。.01。.07 。.07 。0.05 0.13 。.25 0.01 。.66 。.02 0.42
Treatment 。.01 0.01 。.24 。.01 。.01 0.01 。0.0唔A 。.01 。.07
Check vs. others 。.01 0.01 0.28 0.88 。.01 。.01 。.36 。.01 。.19
Fertilizer vs. man. &ωm. 。.11 。.20 。.11 。.26 。.02 0.15 。.01 。.01 。.03
Manure vs. compost 。.60 0.66 。.45 0.01 。.01 0.44 。.96 0.01 。.72
Time (treatment) 0.76 0.81 0.28 。.67 0.71 0.85 0.25 0.29 。.73
Tillage x treatment 。.01 。.01 。.01 。.44 。.01 。.01 。.01 。.01 。.01
CV, % 6.3 6.6 18.1 4.3 3.3 7.9 7.1 9.6 2.0
TAbArrniiagthlaymHsiOasEt-iocwfaavvtaeerriaahngaecdeoawfnaEsavevpeesrraafmogerpmlNienOdgrottnNmtechsoenfotcrreanentasrfcaohtriompnleodot-fd2a3tam(丰 L~ '
§ log pa.rameter+10}for all parameters except EC and pH.Actual data was used for the
analysis of EC and pH.
N03-N concentration when the soil was disked. Ni-
trate-N concentrations of runoff were similar for the
two tillage systems during the wet run indicating that
most of the N03-N of the surface soil was carried in
runoff during the initial run (Table 4). Total P concen-
tration was not influenced by tillage in either simulation
runs (Tables 3 and 4). Loss of particulate P from the
disked treatment was greater than the no-till treatment
during the wet run. Averaged across treatments, NH4-N
concentration in runoff from the no-till plots was greater
than the critical 2.5mg L一1 during both simulation runs
(Tables 3 and 4). Ammonium-N concentration >2.5 mg
L一1 may be harmful to fish (USEPA, 1973). Averaged
across treatments, there was no significant effect of till-
age on runoff pH values during either simulation run
(Tables 3 and 4).
Fertility treatments significantly influenced runoff
concentration of all P and N parameters, and EC and
pH values during both simulation runs (Tables 3 and
4). There were significant tillage by treatment interac-
tions for all parameters (except pH) during the initial
run (Table 3). There also were significant tillage by
treatment interactions for all the P parameters and
NH4-N during the wet run (Table 4). Runoff concentra-
Table 8. Effects of tillage and treatment on runoff concentration of dissolved P (DP), bioavailable P (BAP), particulate and total P,
nitrate-N, ammonium-N, total N, electrical conductivity (E C), and pH during the wet simulation rainfall run on a field with wheat
residue in 1997.
Variablet DP RAP PP Total P NO，N丰 NH.-N Total N EC pH
mg L-I d S m~1
TillNagoe-till 1.39 1.59 2.3 3.7 27.1 4.8 93.9 0.87 7.3
Tilled 。.18 。.48 7.0 7.2 23.8 。.8 83.3 。.77 7.3
Treatment
Compost 1.36 1.78 3.6 5.0 30A 3.6 86.6 O.。咽90 7.3
Manure 1.30 1.68 4.0 5.4 23.5 4.1 88.4 0.86 7.2
Fertilizer 。.37 。" 响M 5.5 5.9 25.0 3.3 91.1 0.77 7.4
Check 0.09 0.24 5.5 5.6 22.9 。.1 88.1 0.75 7.4
Analysis of variance§ PR >F
TRiellpatgiεeation 。.01 。.01 0.04 0.15 0.01 。.17 。.01 0.42 0.01。.02 。.01 0.07 。.09 。.11 。.01 。.67 。.04 。.45
Replication X tillage
Trea伽lent 0.01 0.01 0.01 。.40 。.01 。.01 。.85 。.01 。.01
Check vs. others 。.01 0.01 。.01 。.43 。.01 。.01 。.49 0.01 。.01
Fertilizer vs. man. &ωm. 。.01 0.01 0.01 。.17 0.01 0.09 0.82 。.01 。.01
Manure vs. compost 0A6 0.29 。.55 0.52 。.01 。.14 。.61 0.01 。.21
Time (treatment) 0.01 。.01 。.90 。.92 。.95 。.15 。.99 0.03 。.80
Ictvma,g%e ×treatment 。.01 。.01 0.10 0.67 。.01 。.01 。.03 。.01 。.01
1.3 1.5 8.3 7.8 1.7 3.5 7.6 6.0 1.3
?AkMA司nM曲，由mU曲皿筒2B，am6。dECwE圃av，1Ca但eErMa句hE，aaedHoawfEnaaeavevp尉e植E'F皿MEe，lNMm唱Oro伽Na·t"回ke皿btmErM"e"配曲2h6m0pnteodoιf缸23旭皿tgM丰 L- I.§ Analysis of variance was perfonned on the transformed data (log parameter +10) for all parameters ex四pt EC and pH. Actual data was used for the
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Fig.4. Runoff concentration (mg L-I) of dis趟。Ived and bioavail自.ble
P for four fertility treatments and 创刊tillage systems during the
initial andwet rainfall simulation runs onthewheat residue study.
CKischeck, FRisfertilizer, MN ismanure forcorn N needs, and
CN iscompost forcomNneeds. Vertical bars are standard errors
(2 SEindicates 0.95 and1.55 SEindicates 0.90 probability level).
runs are given in Table 6. The trends for the load of
nutrients in runoff were similar to those of concentration
for all parameters except for N03 during the initial run
(Tables 3 and 6).
Wheat Residue Study
Slope varied from 4 to 7% on individual plots within
the wheat residue study, while the mean slope was 6%.
Residue cover ranged from 36 to 84%, and 11 to 24% on
the no-till and disked plots, respectively. 岛1ean residue
cover was 65% for the no-till and 17% for the disked
treatment. The single disking operation reduced mean
residue cover by 74%.
Runoff concentrations ofDP, BAP, and NHcN were
greater for no-till than the disked treatment during both
simulated rainfall runs (Tables 7 and 8). However, the
concentrations of total P and particulate P were less for
no-till than disked conditions (Tables 7 and 8) indicating
that greater erosion from the disked soil (Gilley and
Eghball, 1998) resulted in more particulate and total P
being carried by runoff. Total N concentration was not
influenced by the tillage systems during either simula-
tion of DP and BAP were greater for no-till than the
disked condition for the manure, compost and fertilizer
treatments during both simulation runs, but the magni-
tude of the di旺'erences varied among treatments (Fig.
1 and 2). In some parts of the country, a flow-weighted-
annual DP runoff concentration of 1 mg L飞 similar
to that required of sewage treatment plants, has been
proposed for agricultural runoff (USEPA, 1986). Run-
off DP concentrations were below 1 mg L -1 for all treat-
ments in the disked soil during both runs (Fig. 1 and
2). Runoff DP concentration for N-based manure and
compost treatments in the no-till were significantly>1
mg L -\ but DP for the P-based treatments were not
different than 1 mg L -1 during both simulation runs
(Fig. 1 and 2). Eghball and Power (1999b) found that
P-based manure or compost application resulted in simi-
lar corn grain yields as those for N-based or fertilizer
applications but with significantly less P build-up in the
top 150 mm soil. The results of this study indicate that
N-based manure or compost application in no-till will
result in P pollution of surface waters , unlike P-based
application.
Concentrations of DP and BAP were significantly
greater for the fertilizer treatment than the N or
P-based manure and compost treatments in the no-till
during the initial run, but were less than N-based ma-
nure or compost during the wet run (Fig. 1 and 2).
This indicates that the loss of P from heavy manure or
compost application will continue over a longer time
period than from fertilizer application since the amount
of P applied was greater for N-based manure or compost
application than the fertilizer.
For both simulation runs, particulate P and total P
concentrations were generally greater for disked than
the no-till condition except compost for N treatment
(Fig. 1 and 2) , indicating that greater soilloss in the soil
resulted in greater amounts of particulate and total P
being carried by runoff. Runoff N03-N concentration
was greater for the disked than the no-till condition for
all treatments but this was reversed for ammonium-N
(Fig. 3). This was apparently because the N03-N con-
centration of the surface 50 mm of soil was high (Table
2) and disking disturbed the soil and enhanced runoff
loss of NOrN. Ammonium is relatively immobile and
generally followed the same trend as DP. Sharpley et
al. (1985) found that the N03 concentration of the top
o to 50 mm soil did not have a significan
MNFRCK
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Table 9. Tillage by treatment interactionmeansfor runoffparticulate P (PP), nitrate-N, ammonium-N, total N, electrical conductivity
(EC), and pH during both simulation runs on a field with wheat residue in 1997.
Treatment Tillage
1208
pHECTotal NNO,NtPP
7.4
7.4
7.2
7.4
7.4
7.4
7.2
7.4
d S m-1
0.74
0.71
1.17
0.78
0.82
0.74
1.09
0.73
7.5
7.3
7.3
7.3
7.5
7.3
7.2
7.3
。.75
0.74
0.99
0.81
0.80
0.72
0.94
0.79
92.8
83.3
84.5
88.7
106.8
75.4
91.3
85.6
12296720004
队队53
71
22.6
23.3
35.8
25.0
26.5
20.7
23.7
23.3
E3
，3'
且
'且
。"
'且00
唱3
........
A唱
40
'且
正"
'3
08
00
呵，
No-till
Disked
No-till
Disked
No-till
Disked
No-till
Disked
Initial ron
Check
Check
Compost
Compost
Fertilizer
Fertilizer
Mannre
Manure
Wet run
Check
Check
Compost
Compost
Fertilizer
Fertilizer
Manure
岛1anure
120.5
89.7
100.8
102.7
94.8
162.1
115.3
80.7
。.1
0.1
10.4
1.4
15.8
1.6
12.6
0.6
22.8
24.7
47.2
26.9
24.9
28.6
26.6
22.4
00500220
........
A哺
40
'占正"
。"
'3
司且
'』3
No-till
Disked
No-till
Disked
No-till
Disked
No-till
Disked
lower for disked than no-till but the magnitudes of the
differences between tillage systems were greater for the
manure and compost than fertilizer or check treatments
during both runs (Table 9). This indicates greater salt
content of runoff from manure or compost-amended soil
than fertilized soil , especially under no-till condition.
Runoff PP concentrations were greater for disked than
no-till for all treatments during both runs, but the differ-
ences between tillage systems were less for the check
than the other treatments (Table 9). Runoff NOrN
concentration for compost was greater for no-till than
the disked system during both simulation runs while
NOrN concentration of runoff from other treatments
contained similar amounts of NOrN for both tillage
systems (Table 9). Unlike the sorghum residue study,
the high soil NOrN concentration of this field did not
increase runoff NOrN concentration of the disked
treatment as compared with the no-till. Runoff ammo-
nium-N concentration was greater than the critical 2.5
t Irrigation water had an average N03-N concentration of23 mg L-I.
tion run (Tables 7 and 8). There were significant interac-
tions between tillage and treatment for all parameters
except total P during both runs (Tables 7 and 8). Runoff
concentrations of DP and BAP for the fertilizer treat-
ment were much greater during the initial run than the
wet run (Fig. 4). This trend was similar to the study on
sorghum residue indicating that P loss from manure and
compost will be longer and possibly larger than fertilizer
application because of the greater amounts of P applied
with manure or compost than chemical fertilizer. Con-
centrations of DP and BAP were greater for no-till
than the disked condition for the manure, compost, and
fertilizer treatments (Fig. 4). Similar to the findings in
the sorghum residue study, runoff DP concentration was
<lmgL一 1 for all treatments in the disked system during
both simulation runs. Runoff concentrations of total P,
NOrN, and EC were greater for compost than manure
during the initial run (Table 7).
The runoff EC values for all four treatments were
Table 10. Effects of tillage and treatment on total amountsofdissolved P (DP),bioavailable P (BAP), particulate and total P, nitrate-N,
total N, and ammonium-N in runoff during initialand wet simulation rainfall runs in a field with winter wheat residue in 1997.
Variable DP BAP Total NNHcNN03-NtTotal PParticulate P
kg ha-I
9.19 a
10.83 a
10.11 a
8.39 a
10.25 a
11.30 a
23.64 b
32.59 a
28.79 a
24.29 a
29.43 a
29.97 a
。.80 a
0.06 b
0.53 ab
0.39 ab
0.79 a
0.01 b
1.20 a
0.49 b
1.05 a
0.92 a
1.38 a
0.03 b
2
2.46 a
3.61 a
2.04 b
1.94 b
2.45 ab
6.94 b
9.19 a
9.80 a
6.73 b
7.87 b
7.88 b
。.39 a
0.58 a
0.61 a
0.41 a
0.34 a
0.58 a
。.93 b
2.88 a
1.73 a
1.77 a
2.12 a
2.01 a
。.18 b
0.57 a
0.45 ab
0.31 ab
0.16 b
0.57 a
。.59 b
2.81 a
1.33 a
1.48 a
2.01 a
1.98 a
。.39 a
0.04 b
0.19 ab
0.14 ab
0.50 a
0.02 b
。.39 a
0.19 b
0.54 a
0.40 b
0.14 c
0.08 c
0.35 a
0.02 b
。.16 ab
0.10 ab
0.46 a
0.01 b
0.34 a
0.07 b
0.40 a
0.29 b
0.11 c
0.03 d
Initial Run
Tillage
No-till
Disked
Treatment
Compost
Manure
Fertilizer
Check
Wet Run
Tillage
No-till
Disked
Treatment
Compost
岛1anure
Fertilizer
Check
t Within tillage or treatment of each run, values with different letters are significantly different at 0.10 probability level based on Duncan's Multiple
Range Test.
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nure and compost as compared to the fertilizer and
check treatments indicating greater loss of salt from
these organic sources. Dissolved P constituted 91% of
the bioavailable P in runoff. Phosphorus-based manure
and compost application, with additional N as fertilizer ,
had acceptable runoff P loss, and were found to produce
corn grain yields similar to N-based manure , compost,
or fertilizer applications (Eghball and Power, 1999b).
Nitrogen-based manure and compost application under
no-till conditions resulted in runoff DP concentration
that was greater than the critical 1 mg L -1. Disked
N-based manure or compost application resulted in DP
concentrations <1 mg L一 1 . Runoff concentration of total
P was greater for the soil with sorghum than wheat
residue. This reflects greater erosion from the soil with
sorghum residue than the soil with wheat residue. Phos-
phorus-based manure and compost application seems
to be an agronomically and environmentally sound man-
agement system.
EGHBALL & GILLEY: P AND NIN RUNOFF FOLLOWING MANURE APPLICATION
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mg L-1 for the manure, compost, and fertilizer treat-
ments in no-till during both simulation runs.
Runoff concentration of DP, BAP, and ammo-
nium-N, and Ee and pH levels from the soil with sor吗
ghum residue were similar to those from the soil with
wheat residue, but runoff total P concentration was
greater from the soil with sorghum residue than that
with wheat residue. This could have been caused by
greater erosion from the soil with sorghum residue than
the soil with wheat residue (Gilley and Eghball, 1998).
Total runoff loads of Nand P during both simulation
runs is given in Table 10. The trends for the load of
nutrients in runoff were similar to those of concentration
for all parameters except for N03 during both simulation
runs and total Nand PP during wet run (Tables 7, 8,
and 10).
When data from both simulation runs and the two
experiments were combined, there was a significant cor-
relation between runoff DP and BAP levels (Fig. 5).
Dissolved P accounted for about 91% (slope = 0.91) of
the BAP in runoff indicating the importance of DP in
water pollution.
SUMMARY
Nitrogen-based manure or compost application to no-
till soil with sorghum or wheat residue can cause a signif-
icant increase in runoff concentration of dissolved P,
bioavailable P , and NHcN as compared to the disked
condition. Manure and compost applied and disked into
the soil did not increase runoff concentration of dis-
solved and bioavailable P , but increased runoff concen-
tration of total P. Phosphorus-based manure or compost
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tion. Electrical conductivity values were greater for ma-
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Seasonal Surface Runoff Losses of Nutrients and Metals from Soils Fertilized
with Broiler Litter and Commercial Fertilizer
B. H. Wood , C. W. Wood ,* K. H. Yoo , K. S. Yoon , and D. P. Delaney
ABSTRACT
While elevated concentrations of Nand P have been observed in
surface runoff from broiler litter-amended fields, impacts of other
nutrients in broiler litter such as Ca， 民Mg， Mn, Cu, and Zn have
not been identified. A study was conducted on a 4% slope during
1991 to 1993 at Belle Mina, AL , on a Decatur silty clay (clayey,
kaolinitic, thermic Rhodic Paleudult) to determine effects of broiler
litter (BL) on seasonal transport losses of nutrients and heavy metals
in surface water. A corn (Zea mays L. )- winter rye (Secale cereale
L.) cropping system was fertilized with either: (i) 9 Mg BL ha- 1
(BL例， (ii) 18 Mg BL ha-1 (BLI8), or (iii) commercial fertilizer at
the recommended rate (CF). Runoff water samples were collected
after each runoffproducing rainfall event. Litter treatments decreased
sediment flow-weighted concentrations during the second corn grow-
ing season owing to residual broiler litter. Flow-weighted concentra-
tions of NOrN and NHcN were highest under BL18 during the
second corn season. Total P and dissolved P flow-weighted concentra-
tions and seasonal transport losses were highest under BL18 during
the second corn season. Sediment nutrient flow-weighted concentra-
tions of K, Mg, and Mn were highest under CF during the second
corn season. Dissolved nutrient flow-weighted concentrations of Ca,
K，and 岛fg were highest under BL18 during the second corn season.
Nutrient flow-weighted concentrations,except Ca,from all treatments
provide adequate levels to support algae growth.
• bOILER PRODUCERSin Alabama marketed 875 million
.....,chickens (Gallus gallus domesticus) in 1991 (Ala-
bama Agricultural Statistics Service , 1991). Such pro-
duction generates considerable litter (manure and bed幽
ding material). Using an estimate of 1.5 kg litter
produced chicken-1yr-1 (Perkins et al. , 1964) , 1.3 mil-
lion Mg of litter were generated in 1991. Most of Ala-
barna's poultry production occurs in two regions: (i)
the Sand Mountain region in the north , and (ii) the
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引Tiregrass region in the south. The litter from the 10
counties comprising these two areas is typically land
applied to nearby pastures.
Broiler litter in Alabama has an average N-P-K ratio
of about 3:2:2 on an as-is basis , (Stephenson et al. , 1990)
making it a viable source of crop nutrients. In addition
to N, P, and K, broiler litter provides other nutrients
such as Ca , Mg, Mn , Cu , and Zn, which are essential
for plant growth. The benefits of land applied broiler
litter on crop production are well-documented and the
nutrient value of broiler litter as a fertilizer has been
calculated as $31.23 Mg-1 (Stephenson et al. , 1990).
Water quality becomes a concern when using fertiliz-
ers , and broiler litter as a nutrient source is no exception.
Researchers have shown that broiler litter has increased
Nand P levels in surface runoff (Westerman et al. , 1983;
McLeod and Hegg , 1984; Edwards and Daniel, 1993),
and may cause concern for surface water quality degra-
dation. Phosphorus is usually the element limiting eutro-
phication in lakes and streams (Schindler, 1977). Phos-
phorus has a limited presence in lakes and concen-
trations between 0.002 to 0.09 mg L-1 are considered
critical levels to promote eutrophication (Greeson,
1969). However, Combs and Bundy (1995) suggest that
the sensitivity of surface waters to nutrient-induced eu-
trophication is a variable feature of regional soils and
environments and actual concentrations can vary a great
dea l. In runoff from grassland, most of the P may be
transported in soluble forms that are biologically avail-
able to surface water biota (Sharpley and Menzel, 1987).
Inorganic N concentrations of 0.3 mg L-1 have been
advanced as critical levels expected to support algal
growth (Sawyer, 1947).
When broiler litter is used to supply N requirements,
P and K will be in excess for forage and field crops
(Edwards and Daniel, 1992). Several researchers have
shown that long-term and relatively short-term applica-
tions of broiler litter results in high concentrations of
K, Ca , Mg, and Mn in the soil surface (Hileman, 1973;
Abbreviations: lCAP, inductively coupled argon plasma; CF , commer-
cial fertilizer; DP , dissolved phosphorus; TP , total phosphorus.
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